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t^mut^ 1 1 1 -ymt-^^m)^M^iio 
m^zi 1 1 l-wm^t&mmm3:^^^^iy^ 

H5f3S«t»?^Jf>S»|g3M^*<S*5 I I l-VS^ 

6fi8g*Ht, KSEfSfigg^ftEo 1 1 1 -vmt^m- 

1 1 1 -NWSc^/mmi^hn\:.Wi^h\ $s(,>f4is? 

^S[^i^5i^©mitM^wr-5 1 1 i-vMk^ 

ci:«:mSi:-r%^^K 2Xtt3lBK<Ol I I-V 

X. S3fB7r-b>y hSiifDffllM*^ { l - 1 0 1 ) ffiT'fe 
acfc%!^i:-r5»*JS4fB«©i I i-V)M:^ 

T. X h^l'7%|ol!!)<< 11-2 0>-^}it$ttdi< 1 - 

[W*]S7] HiJIBSffili. MgAl2 0-1 Si 
ZnOmi. S i Cgffi. L i G a 02 

A 1 2 03 «gou^-rnA> 1 o*^e.iM«?^n> mi i 

1 l-VS6ft-&tl^ttt4, GaNR InCaNK, 
A 1 G a N^. I n N^. G a P^. G a A s^OV>-f 

nA> 1 oA^p.s»?;sn5 c t^mttm^m i 

2 xtt 3 xfi 4 iB^w 1 1 1 - mit^mmm 



(2) IffffWl 0-3 1 29 7 1 
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GaN. *3,ttfA 1 GaN©9^'>iS:<f:fe2ocO$Ji|^ 
fi 3 3ifi 4 ffiK© I I I - Vfi^t^«>iNW*©«fi^ 

ffBI I I-VSl{t:^«mW*©fi)5Stcj:?)Br[tB7r-b-y 

h^jiA^SfeiisnTjgfig^n/c 1 1 i-vmit^^ 
mm. 

mr-yr^y mT^^m^Lfimt&SiLrci i i-v 
20 mit-^vs^mmmmtmmmmi i i-vs^ft^ 

I I-Vffi6{b^^f*<Dfi)cg{Cj:0i}fe7 7-tr-yh« 

t*#rsi I i-vstit^¥^iif:MT*a5or. HufB 
s 1 1 1 -vissfb^^fm 

30 ^^S'^^iSe^lStcDiKfcftK^^r-r?. I I l-VMk 
?)fiicS^l^^je^§xet. HuiBfi!t5Sil§EKGaN^ 

^^mm'^yT^y hmm^m^i>^oimm-^^. m 
n^m^\ ■^ibicms.yT-b-ymm^mib'j^h.X'mm 

1 3] 1 2»ctBe;Sn/cG a N^^mw 

[w*«i 4] G aN^imu^tm-MSi'pm^m^ 
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t:s,mm.(OG a mmti^om&tt^icms^rx 

^I^IW***^* C t^rltSifc-rS G a NlS^m 

I 5 ] 1 4 lse<0Mt2G a N?^¥«?{*^ 

BS*Sl 6] W^^i zssv^an^l 3tcfBK© 
G a N5^iii««l<0}Bfig«D«tC, BtlteG a NISiNE«*ll 
±KG a N3Ri|i«5<*l!5?©«lfilj§*}gfi!rr«n^** 

[w*^ 1 7] 1 2 K:fgK<DG a u^^^mmo 

m^omic. HJIBG a N3Riti#«c^£G a N?^ii^<* 
^?oa^«ji«:»fi!c1-5ISi:. MeG a Nl^^iiSlit 

t^^t^ C t^imtt^ G a N»i|i||»SW«i© 
1 8] fldlBG a N?i5i|i«WMR?tt. 

i:-rSIS*Sl 6. fe^i/HiW^l 7f2«<OGaNI^ 
1 9] bSIEG a N^|g^?*^G a NJ^^i* 

L^-tfT-fesc: t^ltiit-rsil*® 1 SieiKOG a N 

G a Nl^iN»«l±t G a N?S¥lli*^?cOg|M«ii*^ 
Jg^?tiTV>5<: ti&l^fc-rSG a N?SiN?«£Mli« 

[W««2 1] tt*«l 4feSVHi^*ll 5IB«OG 
a N?Mii«W*^ti:G a N?^i|^Wjc|g^Wi«iiA^}g 
fiSc^n, HafBGaN?S^«:K*^e.'>i&<tfeBl}f3» 
■7;^i'««Am£*nTt>-5i:t«:!|#®i:-r5Ga 

fc-r «IS*1 2 0 feSt^aW^S 2 1 IBKOG a Nl^ifi 

CI««S2 3] B3f5G a mmS^^t)^G a N^^ISit 
»fT-$S C t^imttzm^m 2 2 12®(DG a N 

mt^mz 4] IS^Sl 2h^\,Him^ l SIB^cdG 
a N5^i|i«tt:l©jefi)c(0tSt, MBG a Nl^^^i*^ 
{CG a N3^¥©{*^^^JBfiK-rsiS*Wr5C t^^ 

m^mz 5 ] la*^ 1 2 »cib®<dg a Nj^ij^^tt^© 

Bmmc. illBG a N?^i|i««:|SJ:KG a Nli^i|S«H* 
ig?*«fi!c-r-&X^i:, MEG a Nl^iN9««*^6'>!9: 



C t^tmt^^G a NlS^it^^OmiJjfc 
BS««2 6] g9ieGaNli|3ii^(*Sim ^)\^7- 

nffiii;&#CyG a N?^^ft5£^^T-S-5C t^lt^ 
i:-r«ii*S2 4S&5lHiiS*S2 5fBig<3DG aNI^# 

[li*S2 7] tiJfBG a N^^^^A^G a N^S^^ISi* 
ly-'^X'h^Ct^imttmilC^Z 6IB«©G a N 

10 rn^Z 8] W^JS 1 4 1 StClBKO 

WtBG a N5S¥I5{*11±KG a NIMi«W*^?*9gfig* 

\mimz 9] 1 4 fClBKOSaiHG a N^^i^^^: 
ll±tcG a H%mmm-if^Bm&ti. WIBG a N5Ri|i 

[li^asO] HtitBGaN3Si|iS9i*:^?t4. ^^iZ/b'Nx 
DffiJi^&^tyG a NlMilW*^^tlg?T'^-5 Ct^m, 
ttm^Z 8feStHiit^2 9t3K©G a NIS¥ 

20 

™*^3 1 ] SdEG a N3S^Jtlg?*<G a n^^mi- 

u-<fX'S>^ ct^mtt^mtm otsmnc a n 

[000 1] 

!^rBm<D'm\.^^^im<mis.i)^mm^j:G a N^^^i^ii 

[0 002];J?)lCGa N^^i^m^RU't<Dm&f3 

micmu *ss^fii<D'>^:v>G a N^^m±icmmt 

[0003] 

itm'^L (GaN) tt. ^J^iti*^3. 4eVt^t 

[0004] COtti^^fflV^/SlMr/ WX*ftiit-S 
rdfi(DWmntLX<,t. ^SLi'^^:r.\^^if--y^.)Vm 

L;&*^e., GaN<?)<l:3^$£B^BT-tJ:, g^O«liE*m 

\.tzis^-:>x/vvm^flmmnmmmiui^m\i^ 
xy')ux-^{'mtz^f,i.. mA.myr-(7 (a i 
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[0 0 0 5] 

>y^X^3 2# (199 3) ^1528-1 5 3 SMj 
OpaJ. Appl.Phys.Vol 32(1993) pp. 1528-153 

3) o c®i9%Ji&Ktt, T'lUTstvxoys^m 

[0 0 0 6] SfctS?;T^3^0xi;^r+i/Y;l/^glC 

I«:ff5/-ci61i:. «SJ®;KaifigM-Pl /tmOS i O2 
KTX h5-Yy*}g«trc-9-7ri'7»fi±KG a NIS 

SHi-* <: timm!- 8-647 9 1 ^^tlSK^tlT 
l/>ao Lb-^Lmm- 8-647 9 1 Wimmx-ii S i 

02 mmx'i^mBctbri\,^tz»>\ii±m.z.^mri^ 
mm^^his^x'^f. n=mmm\t.fmt!^^\:>x 

[0 0 0 7] *^ogw«. m-'m.'pmmmLt'^ 
ws.^^Tami.^m\'^x3.\i'^^i/\)\^^m:n-:>x 

[0 0 0 8] 5 C)li:*?g^coflfi©i6«){i, ±fexif ^t^i 

[0 0 0 9] sfc*%«g©ffi<oim. ±iexk;5f+i/ 

J: OJg^^nftG a N^¥»«a±CG a N 

G a NIRiNH*|g? (glJAff G a Nl^^l^^^gJ^?) 
[00 10] 

[iSS«:fi?95-r3fci6^g] I 1 I -VlKft^ 

mfi)cL%*<e>^gs-^, mmti>^&mm<oi i i-v 

[0 0 1 1 ] ifc*fiffi^co I I I - vjKfl:^¥»{*o 
gi&fimi. 1 1 i-vjKfi:^iim«:oxi;i»4^i/Y 



e^s^-s, isnsffsfiggpg?© 1 1 i-vfflifk^iii 

[0 0 12] $5.1;:*^© I I \ -ymt-&mm^ 
^^--f-^i^i^sstofitftisM^rW-rs 1 1 1 -ymt 

20 [0 0 13] *5iB9© 1 1 1 -ymt-^^mmt. 
«)fi«»jSL**<&fiKstft 1 1 1 -ymit^m^m^ 

^m.tr^o wttai i i-vMb^ti^NW* 

[0 0 14] ^tc. mi'^7.^iimBnm(owmw^ 
wm^^mmc^m^ \ \ i -ymtt^^mmtm 

Wfsi I \-wmt'^^{¥m^ttix\^^^ct 

[0 0 15] *^^©G a Nl^i|i||tt:^©}gfi£>J)4{i. 
G a NlSi|i«{t:i:1g?^IS^«iK?i0^*m%5»«a 
ffi. £5l/>ttt5ieS«±KUgfi!c?nfcG a Nl^iNIi** 

icwmyT-by hmm^mnbihA^x-^m^w-mittm 
[0 0 16] ^m<DG a mmmmmmB^ 



[0 0 17] *^©G a Njmmttif^=?^sB^m 

t«:!|^i:-rSo ^e.^^GaNlS^^*^^D}BfiE©m 
fc, WRG a NSijiSSmhtG a N3M*«l«^?*}g 

fig-rsist. HijfaGaN^4i««^*>c.'>^< tfctd 

n«Jg;&#trGaN5^¥li{*%)fc}l7T-feSCt. 
tMBG a NI^^tI^^A'G a NJ^^IIfrU— IfT'^S 

[0 0 18] *3fiS§<DG a N?Si|i«tt:^(i, G a NIMI^ 

A^SfiggurcG a ^mmmimt^WL^miOQ a 

tttJIfiG a NJ^¥»i*(Ofigfi(cJ; t)H3tB7T-b>y haii 
*<«i6iiSnTl^« C t^<mtt?>o t fcMIBG a N 

[0 0 1 9] ^?m<DG aNm^immmmmi. 

COG a Nl^i|i3|#^tcG a N^^tm=?(Omm^ 
[0 0 2 0] *^0)G a N3R¥«|«:|g?tt, G a 

mmmtn: c a N?i5¥il{*JS?*^^gfi^^?nT^^5 c t 

^Itmt-rSo SfcBUlBG a N?^it^(|:^±{i:G a NIS 
^(*^?*^fiESn. MBGaNl^iji#fl:ji*>P,'>4 
< t feMB»«, v;^ i'tm*'^*;? nTV>« C 

[002 1]^ e>tCH9IBG a n^^mmk=^it. 
'\-rDSii«:#OG a NIMi«W*:5BK^?T-J6SC t«- 
ItSifc-rSa BiJIBG a NIS^Bt^?A^G a W%smf^\y 

[0 0 2 2] 

[0 0 2 3] (^1 ©flffiOJB^ 1 
(Ofgffitcol^T, I I I -V)Kfk-&ti^«:fl5xi;^+ 

[0 0 2 4] 8ji6tc. astfiRfctiUM^sfcu ^<r> 
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ttl 0nmA>&2/ime«T-*?). figSffitSl 3feJ;tf 
VX^ 1 4<DXh^l'711itt. ii^O. 1 f*m*^e 1 0 
/img*i:Lft„ (01 (a) ) „ 
[0 0 2 5] fi!c^«t«L I 1 I -vmt-B^ 
¥«{*P©Xtf^+->^;U^g:S:f73<, vx^ 1 4CD{>f 

g^^x, $fca. *^tMS<oii-&*rxi:v 
aa^:«fX*««&L&*<6«gl 1 ^m^cOfiEgfSSS 

T'#jg-r-5„ sg)b^^^LT*>e. 1 1 1 mm^meiL 
X. figm^i 3CI I i-vs£ft^w^<*i s^fig 

fl:!^*ffll^-5MfcKliii3iSti:<l:5^tg^S (V P E : Va 
por Phase Epitaxy ) T*fT9*\ I I imMMtc^ 
t8sfe)i*fflV^«*«^{t:^affi^g (MOCVD : 
Metal Organic Vapor Phase Epitaxy) ^ffll^Tt 

[0 0 2 6] II \-\/mt-^mi^l 5{i. 
PgT-a^Xi^ 1 4±{ctil&^t\ fiES^^l 3CD*T'*S 

^it:l 5fCtt77'fe7 hmy&fiW^ttl^o C<Dt^<D] 

I l-vmit^mWl 5(Dfi)cS^{i7r-b-yh« 
j^fm^-^ti^^o 6 5 0iC*^e, 1 10 OtcOfiggrS 

1 1 immommicMLmsfi'^zooooo 

(b) ) , 

30 [0 0 2 7] t^lCJL\^^^'>^:)l,^;^mf?>t. I 

I I -vmit^wmwi 5a7 7-fe-y hmmcomifCfi 
Lxm^ays^^icfummmcif). is.mmmmfX'rj:< 

©I I I-V)Kft:^it5|W|:l 5<JD7r-fe>yh«3fifcfii 

fis-rs ®i (c) ) o 

[0 0 2 8] $e.Kxlf^J:^^i/+;l/figg;g:^it^t, 7 
r-tr y Hi3i*^a46jiSn (01 (d) ) , 

tt, ^m^E^wrsi I \ -\/mftBwmimi 

5%?f5Ct*<T-tS (01 (e) ) , 
« [0 0 2 9] m »«±fClS?^aJf.iKsl^g^or)SJS: 
SI I I-V!i^fb^iii|S{*cD^Sfig«*t73i:, 

[0 0 3 0] *IISScO}B®tJ;57?)4T-tt. iSS^fiScSli: 
J:t)«gSI«t77-b-y h«ji*JB^LTl/^So C07 

7-b7 K0aiStC<l;»3igffl*'77-by Hcm^-oXm 
S«i:Mlt»c<*tfTi''fc«Efi!:*^iS5:75riRi'\#tfS 
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[0 0 3 1 ] itjc 1 1 immicmimimi^zmim 
m^micmms&RX'H. 1 1 1 -wmt-Bwrntii 

mrj:Zmo):^f^ict$if?>Cblciif) l l I-VSlfk^ 

[0 0 3 2] 1 1 1 tmmic^m^^m^zm 

it^X^W^im<rj:^i)\ ±M<0i:r>l,c<01 I I- 

^m<omBmti^m^^rctbf&s.mmi,ctsm 1 1 1 - 

[0 0 3 3] (m2(ommmm) ^^^mmzom^ 
oymnc-D\,^x. 1 1 1 -ymt^^mi^(o:n\^^l^ 
iy^iimmmifcms^miLxmm-rzo 

[0 0 3 4] ms (a) ~ (b) ^X'l,i^\(Dmmm 

miDmi (a) (e) mm^jixmr-imtxi^^i, 
tcibmm^mt^o m2<ommmmx'ii. 1 1 1- 

^mitLtcmc^ mzoy-^xi^^mif ms (c) ) . 

mit^n-DX^^^ ms (d) ) o 

[0 0 3 5] m2©|ISg(0fg^T'fi, 01 (a) 

(e) <Df^KX^?ri^!?Ji-rci:(CJ;!5JgfiicL/cl I 1 

- V mit^^mim<oxmm^-£ 6 tigie-r s c t 

[0036]^! ©^Sg©}gffife5^/^tt^2©S|j|iOJ^ 

Wit. w&tm^WL'pmmm.nmrsimmi^^ 

fiKS-rsli^lC^T'fet)^ Al2 03. Si. Si 
C. MgAlz 04, LiGaOz , ZnOHdSS 
^(O. GaN, GaAlN. InGaN. InN. Ga 

A sXttG a piio I I 1 -ymit^^^n^BK 

[0037] ttm 1 S5(/Hi0 5 X'itWSHC^(0-'!K<r> 

l^SBtcilgvxi'^m^UTSl (b) - (e) a65 
VHiHS (b) ~ (d) <nra^7.m'i-:>xmWi^ 



[0 0 3 8] ^P.tC^iySOjeffiT'tt-x'T.i' 1 4 t LT 

7.vy^-m<r>fMf-yitm^<^tcfS.^mc-o\<^xm^ 
mmi)mtx^i><ox'&m. ^mmm<m^imm. 

[0 0 3 9] (S3<0^(0fg^ MC. :^mcOfH3 
I I I-VMb^#^{*©xtf^f+5/-v;UfiES^Ga 

10 Ni^4^f*(o«Mc^iffl L G a N^^mwmm^^ 

^nx'h^c 

[0 0 4 0] $^3<ow&<omit. m 1 comm(OBm& 
z\,Him 2 (omm<Dimx'wmLrcs.\iii^i/^jim& 
^Ga N^^mmcmmLtci>(Dx&<:), imt^mm 
ic-oi^^xiiWi^MmmttZo 

[0 0 4 1] iiCtf)^C. G a NlS¥iiW*f:isii(KMm^ 

20 [004 2] 'AimsmmtcnLG a N^^|i«f*C0xe 
^?+->+;l/figS^tf3o «S^«E»Cfigg-r5GaNI^¥ 

^*t:©^B^Bfiicft:/^i««, I I iw^majv:?!:. (g 

a) t^fbk^ (HCl) (D^.^mx$>^mt:aV 
•i^A (GaC 1) tV&H^^tcrvt-J (NH3 ) ;? 
X*fflt,^«MbM8iMa»i:J:a^^g (VPE :Vapo 
r Phase Epitaxy ) TfeS-'Nl' K^-Y KV P Ej* 

^, Ga^»ct^li:&fflv>sw^^fk^affl^ 

S (MOC VD : Uetal Organic Vapor PhaseEpitax 

y) ^m^^^o fi?SSA«6 5 CCA^e 1 1 0 O'CT-fr 

€*>6 2 0 0 0 0 omimtmsi:\,\ 

[0 0 4 3] G a N?^iNlf*l<Dxtf^f+~>+;I/^g 

tt, ^ 1 (om&mmtmmu:. g a Ni^^ii«i{*A^?i3«8 

met). &mmm±(^G ati¥k^m^mlc^imRo:lm:^ 
iSitimii^muiSKoyr-ty vmmm^tEn^o 

[0 0 4 4] xe^+i'+;l/j5gS%mSf:, G a 

« So ^UTK«f«^gffligEeDGaN3Si|£||i*<07r-b 
•y HijfitJgfiif So ?e.tcxtf^r+$/+;Vfigg;?:^tt 
-St. GaNISi»i««cJ;»)7r-b-y h<iji*^Si<))iS 

^'flSufcA^T-tSo 

[0 0 4 5] G a mt^vi^^i^rBommmritc^, 

mfOG a N«^ti:«I«gafi8fiT'tt»«i: LT-9-77 

-<7mm. s i csffi^^ffl</^Ttfc*\ c:ne.<o»« 

ttG a N3^i|i««:i:f41S?^S[Jf»S^|^^*moTl> 
5. COfcii>G a N^i|iS?«t©xe^'+S/+;l/figft«fT 
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CO 0 4 6] 2|!:*l8(D}gffi{Cj:;5xVf^+5/+;Ufigg75 

mxHt. G a mma.tmm^'i'm^SLcom 

[0 0 4 7] L/cjb^oTG a N^^t^^O^^^i^RItt^ 

[0 0 4 8] c:OJ;^tSfeJ:Cvx^tJ;t)S»?WfC 
Jgfig?nfcfiggS|iitC7 7-b-y h«ji^#-r5G a N?R 
¥l9<*^;&^S-r S C i: T\ G a NJkmim<om^aiK 

[004 9] ?e>(c. ms^mmommr-'mnzGa 

*^S-r^ C i:T% ^rB^R|(7)'>^i/^G a N?^iNSi*:^ 
G a N 5 C t T% G 

[0 0 5 0] $^cG a nJk^Smm'^if'Q a N^^i«t«* 

fcG a n^^m{if-^^m?-\cis\.i^wmM^(onm^ 

[005 1] ^efCG a n%^W.mm^tf'G a N?^ 

[0 0 5 2] **3. ^3©Sfe5fi<OJB»lcfett5GaNIS 
i|i«(*:^<0}gfigaiKga±m 1 0§ISIS«DJBffi<DXfc;^r+i/ 

[0 0 5 3] ^3<o^aymmmz'it. c a Nisi|i 

[0 0 5 4] Sefil^SlfiSOJB^lCffll'^SVX^'hLT 
»^ 1 <D^(0}g®$'&l/S^m2O|y&(D)glii:|l^!& 



©Jg.«K*5tt5G a Nl^«^t UTtiG a N. A 1 
G a N. 1 n G a N^*'36tf etlSA^G a N*«fc»$ 

[0 0 5 5] $/c:GaNJ^f*^?ttT{4, GaN 
l^il^U-^f'^G a NIS L E D^©G a Nl^^^tt:^ 
^16^?<0ffiti: F E T-^H B T^if<Dr/ 

[0 0 5 6] (m4cD||SS(DmD *^CD^4©^ 

10 [0 0 5 7] S4<0«fi©Jg§ltt. G a NIM^mfcl^ 

,«cDxtf^f:^^S/+;l/figS:&fJfflbTG a NJ^^t^^ttciPH 
*/SgU ?e.»£:C©GaN3Mii««*lili!l±K:GaN3S 

[0 0 5 8] ^4©|^©}^ffiT-ttGaN3^iii^i*)l± 
©G a N^iN««R?f: LTG a N?S¥3!W*SB\5jR?* 

[0 0 5 9] ttCfclc, SfiSStCVX^'^JgfigU 7 
* hU vy77w—ffii:'>Xy hxy^v^f^^xi^t 

[0 0 6 0] •^T.^^xs^mmnimt tra, ^ i 

<0iy{i©}g^©Ki^c0J:3»Cfi!tS^l^<DG a NJ^^iiSStt: 

[0061] Mm^Wmz.tiLG a N?^^Ng{*<Dxtr 
^'+i^+;Ufi!cS«:f73o G a N3^#€<*:©^gi4tt. I 
I imm^m^h (Ga) tififtoK^ (HC 1) © 

m.^mix'h^mtm 7a (g a c o t vjsiir^s 

30 Kjye-J (NH3 ) A•7,*ffl^^5-'^1'K71'KVP 

Effi*w*n,>*\ mw^itmm^mi (movp 

E) 

[0 0 6 2] G a N^^WitOxe^f 
mi<DII]%<D;^j^2:ll«l(C. G a N^^^AMStmsm 

!?> ^S«J^<0GaNl^iJi««ctt»fi(7)ffi:;J{fl[i:tJ: 

[0 0 6 3] :L\i^^''y^)Vfm.^my^t. G a 

«c ^•LTf8g-r«figSSii|J(0GaN3S¥^^cD77' 
■b<y hflligtS^fiSfSo ?5lcxtf^+S'i';Ufi!cS;&^ 
ttS G a N5S¥3?«C J; D 7 r-fe-y M«jiA<ai6ji 

tn, aif?ff>i»ca, JFa4«ffii&*-raGaNSiii«» 

[0 0 6 4 ] l^KG a N3^i|£mP±»CG a NIS¥«» 

mMi-oim^im^imt^o g a N^^^^®*JB 

VD^SlC-b-yhU WSoiga, V/I I 

» likTN nSGaNJB, nSA 1 G a Ni'^-y h)B. n 
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i:7vF-yi nG aNmmmti^^f^^^mm'i'npm 

iiSltH. p^A I G a N^. pSG a N^tH-f 

[0 0 6 5] ^frC. U-1f-:Pii*Jg«Lfc»E*Bf® 

§§tc*t^y h U S i 02 VX^. :Joci:t;G a N^^ 

¥«»MtO-gi%WlitTG a NIK¥®i*]l^Sa^Hi 
§o Bffi LfcG a NI^¥«ffiSm •rS:t>^GaNlS 

[0 0 6 6] m4(o^cDmm\c^oi^AT<D^^m§^ 

[0 0 6 7] ^ 1 (Dmi^cOBm(DJL\£^^i/^;V&mx* 
t#e»n/cG a Nf^^fi#{*fli±tCG a N^^f^^^^ii 

^STf^aM^^oTt/^/cG a N3S^i*^^^jgtc:loOt 
[0 0 6 8] ^e)tCGaN^^i4:^^;b^GaN^^ 

[0 0 6 9] ^fcG a NIS^^^^^:6^G a N^^^ 
#t^U~^fO#^(i. )gB^B^^R§;b^'>^l^GaN^¥#i* 

[0 0 7 0] 3&*5. m4(omm(DBmM±$^<Dmmim 

[007 1] G a N^^ft^cOxe^^^+e/-^ 

[0 0 7 2] ;?e>JCGaN3S¥S<*M±t^:GaN3^^ 

rci)\ G a Nj^^imm^^\cm&. VX^^ t G a n 

3^^<*fi(0-gp;&|^SL/cmk:G a NI^^NW*^?C0 
[0 0 7 3] 443. G a Njmmmi)^^W&. ^X^ 

^m^Ltcm^mmLrctK g a N^^ttmi^cfg^e 

T-fetltf. SK. TXi^O^S«rff^-r. GaN3^^ 
[007 4] ^e»tc*IIJacojB.®tcffli>;5vxi7i:LT 



mmicm^Ga m^imttntG a n. a i 

G a N. I n G a N^AWetl-Ssb^G a N;6<®*>»S 

[0 0 7 5] ^rcGaNJ^,^^mWm^tLT(^t. GaN 
3^il£#{j(wU— tfJ^G a NISL E D^(7)G a Nl^^i*^ 
Tl^^^^Offitc F E T^H B TJ&^iDx/ WXtCfeiifflpJ 

[007 6] 

[007 7] (^1 (OglSgglJ) *^^0^{?IJ(COV^ 

T. mi^^mLxmrnt^o ^^mmmxHt^ m&tL 

T. (000 1) ®^t7T-r7 (A 1 2 03 ) SKI 
1±IC1 /xmSaoMftDGaN^l 2^hi=>f)^i:isbm 
^LfcSS^ffll^rco COGaN^l 2^StCS i O2 

^y^^T^vx^ 1 4 tmmmis^cmbtco mm 

i^l 3feJ:C;vX^l 4ti. ^n^n5/imfectc;2/i 
mOliOXh^-ryiKTSSo Xh5>r:/75ffql«<l 1 
20 -2 0>7^fpI^Lfc ( mi (a) ) o 

[0 0 7 8] 1 3 tC^fifS G a NJS 1 5 ti. 

1 1 immicisv^L. (Ga) tmitA^m (hc d 

^DS)S4^^T^fe^^{k;^U '^A (G a C 1 ) ^ Vg^ 
3^tc7y^x7 (NH3 ) ;^X^fflV^§/N><K^^F 
VPEJi^ffll/^/fco StRl l^/N^F5^F<?D^SgS 

tc-tr^y h L. 7mmm^xf&W[SA 1 0 0 ortc^rs-r 

^:l?ag*^S^LTA^^. HC lSitfi^2 0 c c/ 
m^Xm&U NHsjStt 1 0 0 0c c/ftij^T*55^S 
Jg«t^*r^C<^:T\ figS^^l StCGaN^l 50 {1 

30 - 1 0 1} mt^^^ji^yy^y hmm^m^^Tc m 

1 (b) ) o t^^C. 2 Oi>fflS«XV;^+^:/^;Uj5gg 
^^tt. TX^l 4^M9^T'77-b'y hfliigl 6i&% 
^^H^/c (01 (c) ) o 
[0 0 7 9] xe^4^i/^;l/figg;Srm«c^tcJ:t)7 
r-b'y h#iiS^aa6ii^ (^l (d) ) . 

5 mrs<D&&x 2 00 n msgwa^^ffi^^-r ^ g 

ammtiiiitrc (01 (e) ) « GaWm 5^ 
^^k. 7y^x7;^X^«MS&t%*^e>. ^f^^X^^L 

40 [0 0 8 0] m 1 io^ys»«Tti^g^a^stffi-r§g« 

^Stc^D. fM:6^ {1-10 1) ®:6^^:S:^7r-t^y 
h^S:JKfigLT*£SdtM«:fToTl>^o COyy-t-y hit 

fRm&fm(omj^^m\^^tcib\cmtix<^o yr^v 

[0081] J: ^^btz^w^^mmm^^ 
t. yr-^yhoymmx. myj\^icmf^n. xtf^j^^^ 

50 tf-5»nSo 
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CO 0 8 2] mi<o^mic^-:>xBi&tnrcGam 
1 5 tea, ^yr-(7m\ I tm^m.'i'mmm 

[0 0 8 3] **Sa^JT'fiegL/-cG a N)lf4^B6*^## 
K'>5:<. il©±tCU— tf, FET. feJ:t;HBT4if 

[0 0 8 4] ^^tc-y-^rfTSfii l«rW^K.ko 
Tl^f S CtX\ G a 1 5 tTfflV^ 

[0 0 8 5] ^ 1 ©SWJT'tt, G a NK©Hf^+v' 

"^mmit-Bmm^mm (mocvd) ^^m^^rm 

Uii^SiMim^tiio SfcA l2 03 W&l l%fflv^fc 
S i WR. ZnOWR. S i CS£> L i G a Oz 
MgAl2 04 S«^^fflO^Tfell^S5a)S 
AWenSo ?e.fCA Iz 03 «gll±k:GaNJi 
1 2*^5*>(;«)jgfiEb/-c*\ giRi i±fc:iSgsvxi' 

[0 0 8 6] ^fcVXi'l 4i:L.TS iOz ^•ffll/->fc 
*<i:ntcKBP)n«feOT-tt%<, SiNx llOjfSiiM* 

«:5E(lS*^fe>n-5o *e.(CXh5'l':^«r<l l-2 0> 

Sil©75riRi<i-i oo>T*feJ:<> <:np)CD?3iRi*^e> 

[0 0 8 7] $fcG aN(Dik!i'+->+;l/figS{i:-S)<,-'T 
j^'^fcA^ I n G a NM. A i G a N^, I n NM. G 
a PSi$5V''«GaAsli%xb!;5f+i/+;l/^gtTt. 

[0088] 2 (DS»t^D *IIB^Om 2 <Dm&miC 

ov>T, mi©siss0ijfciRii;<0i«#fisuTiJiwr 

[0 0 8 9] ^2<?DiyS0IJT'ax S«i:LT, (000 
1 ) ffiS i CSffi 1 1 ±{C 1 iimm&<Ofm(OA 1 o. 1 

Gao.9 mi 2^$>^t)'mmjs.LtcmFB^m^' 

fcoC£OAlo.i Gao.9 NKl 2g®ti:S i 02 

1 3. *3j;trTXi'l 4tt. ■5-n€n2ftm, feJ:^! 
0/tmCOi|i©7.h5l'y^Tfe«. Xh7'r7%|fil«< 
1-1 00>:75r(Rlf:Lft ( (01 (a) ) , 



[0090] ^smm 3tfigg-r5GaNSi sa. 

I I I jBU^K:;^ <; -^A (Ga) ttg{bJ<^ (HCl) 
<0Kf54fig!aT'a&SJg{b;i!f' J A (G a CI ) fc VJ^M 
iS(i:7y^--7 (NH3 ) ;*fX*fflV-'5>'W K7-1' K 
V P Effi*ffll/^fc, »fi 1 1 «r-'W K^-f KOdtSSfi 
K-b-y b zk^H^Tfiggigfi 1 0 0 QlCt^-r 
5o fie;Si§fi*^S^LT*^e.. HC li!ita*2 0 c c/ 
m^xm^L. NH3S5M2 0 0 0c c/SiJ-T'S^g 
««i&fSC:tr% figSffligEl 3CGaNIMl 50 {1 
10 - 1 0 1} S*^&!S:S7r-b-y hfi^^figg^-a-fe (0 
I (b) ) . 

[0 0 9 l];f&K:. 2 0^msm3Hi^=^Fi^^rmm 
vxi'l 4?:S9ST'GaN<D7r-b«yh«|)i 
I (01 (c) ) . 

[0 0 9 2] 3L\dit^i/^mm^mf^c fcii:j:»)7 

r-b-y Mfji^Sftii* (01 (d) ) . 

5 mm<O^RX 2 0 0 /i mgg«D¥a5:«E«:^S G 

aNSI*>g^*€fc (01 (e) ) . GaNffltl 

figft. NHs :fS:^^^L^mnm:XmiL. 

[0 0 9 3 ] m 2 ©SaiBHK: J; oTJg(£*nfc G a NH 

1 sfca, s i c»«i 1 tm^f-^'pmmm.i)^ 

A<IN«K:'>*<5cRlffia»l 06 cm2 SftT'feo 

/-Co 

[0 0 9 4] *^WJTfi)cSL/cG a N^a;>:P(l)b^?P^ 
IC'>*:<, CO±KU-+f, FET. *3J:D*HBT%^ 

[0 0 9 5] SiCS«i 1 :&W^lltcJ;om 

^•rs ctx\ G a NUi 5 ^mmmt Lxm^^i> c 

[0 0 9 61 f^ZcomdmiX'li. G aNHcoxtf^J+i/ 

wa^fb^mffl^ss (MOCVD) ^m^xi>m 
m^f^^tim^n^o ^rc:mmmx'it. s i cssi 

1 ^m^^rcti\ S i Sffi. Z n 0»K. A 1 2 Oa S 
ffim LiGaOz mMgAlz 04 m.^ 

40 %fflv^T^,lRla!S:58I«*we.nso ^eics i cssi 

l±ti:^<OGaN^l 2mibi)'Cm^Lrci)\ 
«1 l±lCiffl$TXi7;&}BfigLTfeJ:</>. 
[0 0 9 7] SfcVXi'l 4i:LTS i 02 

ST'feJ:!/^, CCOHSS^JT-fix'Xi' 1 4 ©I®* 1 0 /xm 

m^ji^mm^nzo sp>(cxF7f :/^< i - 1 oo 
tsii©:^FiRi< 1-12 o>T'fej:< > cne.©73i^*> 

50 6«ttftfta-??a&oTfc^Sfi85fl!«H*»i:J:D, /SftSI 
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[0 0 9 8] ^Tc^ibitCWRl \±(OmtLXA \ 
0. 1 (DA 1 G a N^m^^rci)\ C<0ffldc«fiB<0feO 

^^iy^jU^m^fC-Ol^^Xj^^tcttK InGaNH. Al 
GaN^. I nNBi. GaPm^l/HiGaAsR^x 

[0 0 9 9] (mscOJISSffiJ) *^<OS3(O||S60iJti: 

[0 10 0] msommmxitt. m^tLx. (i i 

l)®(0MgAl2 04 Sffi2 1^ffll^/c:o COSS 
21«ffiK:Si02 )123«»^U 7:thyy^^^ 
7>r-ffit ^;x^y hX-y^V^-e-TX^^ 2 3 ^fiEM^iS 
2 2tCi>WIL/co ^mrn^Z 2. *5<^t;vX^ 2 3(i. 
^n^n4/im. *5<tr/3fim60«icOXh^-r7iKT*^ 

i>o xh^-i':^[niJi<i i-2 0>:6-fRi^u/c: ( m 

2 (a) ) o 

[0 1 0 1 ] G a NHfO^gfri. VX^ 2 3±tC^|g^B 
OG a l^im^^mit^cOimLrc^^^ K^-f K V P 

Effi^fflV>/co C(0^m^it. I I I]5^)StC;^fij»^//. 
(Ga) tmit^m (HC 1) tOSE^i^T^^^igft: 
(GaCl) vmm\c7y^:=~7 (NH 

3 ) ;^X:&fflO^§o 

[0 1 0 2] ^-r. Sffi2 1 ^gr^S^gtC-fe^y h * 

^;yx^^L^*^^ 1 0 0 o'x:mm(oMUxmmL 

fzm. SOOrtcP^S^-li:. HClgSfi^O. 5cc/ 
«^T*#t*&U NH3 §«1 OOOc c/«^T*55^ 
Sfiflt^^f ^C^T% *S0^B^Sti^2 3tC*?j2 0 nm(D 
MI¥OGaN/^y77^2 4«:JB^^ (02 

(b) ) o 

[0 10 3] C<O^X\ NH3 ;^X^flt|&L^*^e» 1 
OOO^CtC^jg-rSo ^Si^Jb^$^LT*^i^. HC 1 
8iS*2 0c c/S^i-T^^U NH3 g«15 00 

GaN/^y7r-ji2 4±tCGaNC0 {1-10 1} S 
:6^e>?S:^7r-b'yhSl3S2 5^g:fiEg$-^/c ®2 

(c) ) o 

[0 10 4] t^\t. :y^^^^l/^)\/JiSLm:mi. VX 
^7 2 3^S9tT*G a N^2 5 07 7-t^y hSIjg^flS 

tt. ®i^6^tc«. 5 ^fflOjSfiT* 2 0 0/1 mSao^Fffl 

^^ffi^^TSG a N^2 S^Jg^^-lt/c (02 

(d) ) o Q^nmsmmi. nhs HT^^m^ 

[0 10 5] ^30^^rtCcfcoTJBfig*nrcG a NS 



2 StCfi, Mg A 1 2 04 S«2 1 
K5S^*^ii3 t^^A^to e^-f ^ ^y i7 A^Ao Ti^4i/^ 
Ctifmttitco L*^fe. JPH/SS^fTo/'cGaN^ 
tai. ^i^R6*^f^tc^>S<. 106 cm2 gftT^feo 

[0 10 6] *iaSfif9Td5gL/c:G aNmi^R6?b^^f^ 
tc'>^<, CtOitcL^-if, FET. ^5j:D*HBT:^if 

14«rIqI±?-ti:S<:t:«)^gE^:^^o ^/cMg A l2 04 
10 WSL2\^mmm\^X.^Xm^t^CtX\ GaNSi 

2 5 ^wm^t Lxm^^^ ct^x^ 

[0 10 7] m3(Dm^mXi,t. GaN^fOxtf^:^^/ 
•^;l/fi)cgtc/N^ K-^^ F V P Eit^m^^xm^Lrcti\ 

^w^^t^^^m&m (mocvd) ^m^^x^m 
mmmm^ti^o ^tcmmmxit. Mg A \ 2 04 

SS2 1 ^ffi(/^fc)b\ S i SS. Z n OSffi. S i C 
m L i G a 02 Sfi. A 1 2 03 Sffil|:^^V^T 
t>l^1$^^m;b^f^n§o ^?)tCMgA l2 04 2 1 
±tciIigvx^^?g^L/c;b^ »«2 l±^^:GaNiS:& 
20 ^e>*^i:i6Jg^bTt><J:l\ 

[0 1 0 8] ^/c-TX^ 1 4^LTS i 02 ^fflV^fc 
;6'«cn«S^n^tOT*ti:&<. S i Nx 

i)\ ^7.^^mi6]2:,tSCt(DX^^mXhni>mm^J:^ 

^ff^mn^o ^^mmxi^t. xh^^y;^<i 1-2 

ritmm(oy5\^<i-i oo>x^^<. cn^coTaipj 
f)'mmcnmx^m^n&m<Dmic^o. ^mmmc 
yy-^^yhmT^^mfitr^ctff^x^^o ^:}b\ 

[0 10 9] ^/c*IIJSfi?imi»S±Wg?gyVy7r^ 

[0 110] ^etc. HM^m*. G aN(Dxtf^4^>> 
•v;l^^fitCOl/^T3iE^/c:;b\ I n G a N^. A 1 G a N 
m. I num. GaPR Ga As)l*xt!^:^>/^;1/ 

^mLxmmrj:i^mtim^n^o t^\c^&^^i i 
I -ymit^ic^^mdo^muLxmm^ji^mm^ 
40 n^o 

[0111] (m 4 ^0^S6«?lJ) *^^co|g 4 O^giJtc 
Ol/^T. 03. 04m^LTlK0^-r^o 03tiji^W 
tcxlf^:^^i/^;b;SgT§fi)cM«i«om«?:?im Z 

[0 112] *^jig»JT'ti. m^t LT (0 0 0 1 ) ® 
<0Al2 Oa Sfi4 1±JC1 /imiSaoK/iOGaN 
M4 2^&fe^*>i:46JgfigL/c)fg^B»£^ffll^/co 

[0 113] COGaN^4 2gEtCS i 02 
dcU 7:i-hUyi^57>r-}ii:'>x»y hx^y^y^fT* 

50 VX^> 4 3 tf&&mm4 4 JCi^SiLfCo fiKgffl«4 4 
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(i. 4 nmOU^Oi^li^ (03 (a) ) . -nUi^S fim 
(O^nmk (03 (b) ) . fe<ttf5/im^O®g« 
(H3 (c) ) <03^t&SVX^7*^n^nfflV^ 

[0 114] m^Ltc&mmm 4^c&mr^GaNm 

4 5ti. I I im^iChV:^^Jli}V^h (TMG 
a) RlfhV^^)V7Jl^:=.^L. (TMA 1) ^Vj^ 
mcTy'er.T (NH3 ) ;tfX*ffll^-5*ffi^{t^ 

[0 115] 04(i03(D^S^^;^jg^b/c:S«Lhti: 

Li^i)^^ 1 0 5 OXo^&mSMifmm-^o ^fi?gg;b^ 
T*«J&U NH3 WmsOQOcc/m^lO^ 

mm&t^ctr\ ^mmm4icGam4 5(D {i 
-10 1} mf)^^^^yr'^yhmm^f&m^'^rc m 

4 (a) ) o 

[0 116] 3 0^F^SSxtf^:^^iy-v;b^S 

h^ii^^^-l^/c (04 (b) ) o 

[0 1 1 7] x.\^^^iy^jl^^^m^f:^ct{C^OG 
a Nil 4 5(07 7-lr'y h^jt^a^ii* (04 

(c) ) . ^WtCti. 1 2^H<0«STM OO/imS 
aWS^Sffi;g:#-r§G a NI14 S^B^^^tc (0 
4 (d) ) o 

[0 118] 3^0J^(D^M^^tCjgfigL/'cGaN 

Vis E.^mk. ^^ifm]m(03^tLrcf)\ vx^ 
[0 119] ^ms&mvf&mLrcG amn^Kf&mm 

iiC^Pf^K,^ C0±\fCiy-^^ FET. 4oJ:tj^HBT^^ 

[0 12 0] ^e»frcit77-r7SK4 l^Sf^llfCcfco 
m£-r5<:i:T\ GaN^4 5«:»E**3Ri:LTffll.> 

[0 12 1] m4<0m&&mt. GaN^tOxlf^+>/ 
K5>f K V P E^^«:fflv^Tfg^bfc*\ 
^S^ft^Mffi^gJi (MOCVD) ^^ffil/^TtlpI 

rcti\ S iSffi. ZnOSfi. S i cm L i GaO 

2 mMgAi2 04 mmm^^rmmm 

^tm^Mo t^ifCMz 03 »£4 1±tc|®i(0 
GaNM4 Z^&^ti^\:m&Lrcf)\ W&4 I llcU 
ft-^X^^JgfigLTfe<i:l\ 
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[0 1 2 2] */cTXd^4 3i:UTS iOz ^m^^fc 

[0 12 3] ^fcG a N(Oxtr^;^i/^;l/^gtcoi>T 
j&-<rcf)\ I n G a N^. A 1 G a NH. I n G 
a Pm$>^\^HtG a A sll%xtfi$f4^>/^;l/^gLTt> 

[0124] (s 5 cD^^ij) 5 (omm&nc 

JO OV^T. 05«:#figLTl>JWrSo 

[0 12 5] SffiS 1 (Cti:. 1 /xmiDj^OG a NBS 

2fS^Btiitnrc (0 0 0 1) mwyr^TWRd i* 

[0 12 6] cosfis 1 mmic s i 02 p^jg^ 
U :7:th'jy^*^7^-ffii:»>x^y hx7^>i^'T^ 

1 cDVXi^ 5 3 1 0^gS«5 4JCi^l8L/'Cp ^ 1 

to^M®^ 5 4 . *5cJ: t;^ 1 (Dvx^ 5 3 -^n^n 

2/im. 4o<i:D*5^nitOXh'7-ry^i:U/co Xh^-T 

:/:?7fRi«. <i i-2 0>i:tfc (05 (a) ) o 

20 [0 1 2 7] m 1 (Dfummn 5 4 ic^m-r^m l OG a 

NM5 5ti. ±ieo^j5Spyi i:|sHitc I I immic:ff 
V^L. (Ga) irififbK^ (HCl) OS^S^IST'S 
^^ft;^U»:7^ (G a CI ) tvmjmiC7y=e::L7 
(NH3 ) ;^X^g:fflV^§/WK^-rKVPEii;&ffll^ 
/Co SffiS 1 K5-r KOfigg^HfC-b'y h tK 

mnm%T*^^is& i o o o "ctc^t^-r^o e 5 o t(o 
fie*^e>g«5 i^NHa :h^xmmmct^o ^gs 
s*^$SLT*>^> Hc 1 1 0 c c/m^x*mt 

U NHs 85*4 0 00 0 c/S5^T' 6 0 ^J-P^cOfigg 

^ x\ mi(ommmxmMLrm\(o (a) *^e> (e) <o 
^mxm^mxs m 1 <ovx^ 5 3 ^misbii^A^rem 1 o 

GaNMS S^mf&t^ (05 (b) ) o miOGaN 
M5 5 mm. NH3 :^X^H^T^fi$T*?&aL. 

[0 1 2 8] ^^frc, GaN^5 5±ti:SD*S i O2 m 

m^u m 2 (D^sgi^ bstmz ovx^^ 5 7 

^fSo ^n^n<?)Xh^^7^(i. 2/ini. :fecfctf5 
/imTfe?)^ Xh5-r:;0afp](i< 1 l-2 0>hL/c 
(05 (c) ) o COS«5 1±(C. SQ\ miO^SS 
40 »yT*IKWL/'c01<O (a) i)^^ (e) OfiKSXg^jg 
T. m2c0-rx^5 7^iia6iA^. *5ct-?- 1 5 O/zm^O 

^2(DG a Nmss^f&Si^^vmtLrcmmmrc 

(05 (d) ) o 

[0 12 9] f^^LtcmZCDG a N^5 8 tD^^M^I&fS 
[0 13 0] mstDmmVmt. C a Nm(0:si\f^^iy 

50 -v/i/^gtc/N^ K V p Emm\^^xm^Lrcf)\ 
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^Wtmit^^m^mm (MOCVD) ^fflV^T^Ip) 

mrji^mtm^ti^o sfc a 1 2 03 w&s 1 

rct\ S i«tg. ZnOm S i cm L i CaO 
2 MgAl2 O4 S«l?^ffll/^Tfe(5l»%S!j 

S*We>nSo ^e^tCA I2 03»S5 1±tCGaN 

1*. m±lc G a NH 5 2 mm 1 (OTX 

[0 I 3 1] *feVX^5 3fcLTS i02 *ffll^fc 

^^cntcK^n^?><oTti^<. siNx iico*6^ 

^^i^^rJ\^&mC'0\,^XJ&^rci)\ InGaNR Al 
GaNIS. InNK. G a PKSSVMiG a A sJl*x 

[0 13 2] ^^m^m^mXHtG a N%<D I I 1 - 

[0 13 3] (^6(D^«fO) *^om6<0^Wlk: 

i??4^->-\';l/^g^G aNSi0^fitcfflv\ -^^{CCOG 
a Nli±tcG a N^¥»<*l^1f^S!5g-rsX@i^lKW 

[0 13 4] mSiC^tW&d 1 tcti. 1 nm<Om^(0 

Gamezim^t^nrc (ooo o mmyr^y 
m^6 1 ^ffli/^/co c(DS«6 isffitcs i 02 mm 

^l;5>^e»m4(D*j5fi«?iJi:|pHttc7^h»Jy^-^7 
>r-ffii:'i'X'y h:sLyf-y^xm i otx^ 6 3 i 

<DXh^>r:n*;^t/'Co Xb-^-TT^fpIti. <1 1-2 

o>:^rrpi:6>^ i ommi^frmmLtc me (a) ) o 

[0 1 3 5] ^ 1 (Df^Smm 4{Cf&St^m l a 
N^6 5(i. ±IBcO^M0iJl^(5»itcl I \imm:s 
U'^A (Ga) iliSfb^k^ (HC I) <?DSiS^%lT*fe 
^Sg{b;<f'J'>A (GaC 1) ^VjK1^5Htc7ytx7 

/-Co »«6 1 ^/W K^>< FO^g^ltc-fe^y h 7k 

^SHMT'^fiisa 1 0 0 ortcsr^-r^o e 5 o-cci 

ff^^^^LXi)^^. HC I 85fi^4 0 c c/^TfltJ^ 
L> NH3 SSffll OOOc c/S^)-. ^^Ifiy'yy 
(SiH4 ) aSO. 0 1 c c/S^^TM SO^JHCO 
lSgT% ^1CO^<J»T*IHWL/'C01(O (a) 

(e) mmjM^mx. siio^x^6 3%aai)iiA. 
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5 (b) ) o ^10GaNM6 5*JB^. NHa 

aN^6 5ti. nS"{?. 1 x 1 O'Sc m-3J-:U:<0+-v U 

[0 13 6] G a Nl^^itU— »f«iStOf^tc: 
fi:> Wffi^ft^^fflfiKfiS (MOVPE) mi^Xi^ 
St/co GaNK6 5*mfig^. MOC VDgMtc-fe';/ 

F u Ticm^mux&m^ 1 0 5 oTcic^ig-r^o e 

10 5 0T:(Dzgg:«)^eNH3 ;^XI?a^tCl-^o S i 
AdLZ-cI |imtOS^<7)nSiGaN®6 6. Si^&^L 
fcO. 4fimt^JP;2rOni!lA lal5Gaa85N^^*yh 
l67. Si^muLfcO. I ^mOym^OnmGaN 
5te;y^K®6 8. 2. 5nm(0m^(DTy\^-'fln 
o. 2G ao. sNS^^Jfplii: 5 n mtDiP^OTV F-:/ 1 
naosG ao.ssNl^gS:^)^^^^ 1 O^^O^fil^^t 
PliiiJSttM6 9. v^^'-^v'^A (Mg) «r^]!iaU/c2 
OnmOff^cDpSA lo.2Gao.8Ng7 0^ Mg^S 
iPLfcO. 1 MmO/P^(0pliGaN)fe:^VF^7 K 

20 Mg^mnLfcO. 4/imOiS;^OpSA lo.i5Ga 
o.85Ni7^'y FJi7 2. Mg^gr^PbfcO. 5/im<DJP 
^(Op^GaNny^^F^7 3 ^JlS^^^ L 
«3i«rftiaLfco pSOGaN:3Vi$f^F®7 3:&Jgfig 
Lfe^tt. HN3 ;^X^HMT*#a$T*?$aiL. figg 
^HcfcOK^m-r (06 (c) ) o 2. 5nm£Dlf^O 
7VF-yi na2Gao,8NS?^fpS^5 nmCOff^ 
tOTVF-yi no.o5Gao.95NI!igji*>^^S^aM 

^#p^}gisi4® 6 9 ti. 7 8 0 'x:cotmxmf&Lrco 

[0 13 7] ^Mic. U-1f-1i3i*Jg^t/c-9-7r-Y7 

30 m^eimmmc-tyhu v-yr^Tsmeu g 

aN16 2. S i O2 ^7.^7 6 3. ^^IfG aNMQ 

5<o5 0 fimmmbxG anme s^mtiii'^^^o mm 
LfcGai^mesmm. ^^^y (to -7;i/5 (a 

1) OnSaei7 4^JBfiScU pg|f?DGaNii7 3±tC 
it^y'TJl (N i) (Au) (OpS^«8i7 
•rs (06 (d) ) o 

[0 13 8] meic^.ru-^mm*ii. mrn^cnrnm 

[0 13 9] ^fc. •^yr^rtGaN^.^Wtim 

^cttmmx&orco 

[0 14 0] cntcJtL. *^SS0imJ:ieB^B^^R63b^>* 

i^G anme 5^m<^^t^ctt)^x^^rc^. ^y 

T>r7Sffi^VX^ttJRmS LT^G a N 6 5±tcj^ 

mLrcGaN^.mw(Du-'^mmatmitrj:<^ s 

50 /c:GaN®6 5±tOb-1f«iJi*i^tBa^C<t5J«iig^ 
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[0141] G a NM6 5±tc:U-if- 

«jiJg^LT*^e>. •9-77>r7S«5K GaNK6 

2. s i 02 vx^6 3^sf^L/c*\ u-^-mm^ 
[0 14 2] ^/c. v-yr^jm^e 

KGaN®6 2. SiOz VX^6 30ef^. 

t;G a 6 5 CD-a5*9fi? LT. n Slom^JBfig L 

aN®6 6*/c«6 5tT^£Ln§l«®^Jg^U « 
[0 14 3] 

[^>BOS5!i^] i^JLmmLtc^olc. I 

m 1 ] 1 1 1 -vmit^^mmmfiusm 
[^3] mmifCJi^^^iy^jv&&t^f&^mmm 

[04] 03co^iJBt^. 

[05] 2^^^<DfigS75Fffi«:2Isljglt)iiLTJg^LfcG 



[06] *f?qB^O^^ft^ffll/^TJg^L/'cG a NMJ: 
(CG a N3^^{*U-if-1l|ig;&Jgjifr^XSOffiBBS0 

[^^oifiM] 

1 1 m 

1 2 mm&tnrc 1 1 1 -vMt^^wi 

13 III -vmit^^wmm^^mmmm 

1 4 -TX^ 

16 III -vm{t^^mi^(Dyr^zy hmm 

2 1 (0 00 1) m(Dvyy-(7W& 

2 2 G a NJl 

2 3 

2 5 :L\£^^i/^)V^MLrcGaNm 

3 1 (111) StDMgA l2 04 Sfi 

3 2 1/zmCDGaNM. t/ctiA I G a NH 

3 2 m&±ifzm^tnrc^&mm 

3 3 Sfi±tCjgfigL/cS i 02 HOVXi^ 

20 3 4 xe^4^i/^;l/^gU/cGaN/Vy7r^ 

3 5 /N^K^^KVPEffiT'^:lL/cGaNM 

4 3 -^X^ 

4 4 fumm^ 

5 1 (000 1) ffliD-9-77^7Sfi 
5 3 ^lOVX^ 

5 4 ^lO^Sfl^ 

5 5 miOGaNS 

5 6 ^2^0^S®«S 

5 7 ^2 0VX^ 

30 5 8 mzoGanm 

6 5 nSGaNS 
6 6 nSGaNil 

6 7 nMA I o. isG ao.ssN^^'y 
6 8 nSGaN^/f-TKg 

6 9 1 om<DmmirnFmmmm 

7 0 pSlAlo.2Gao.8NS 
7 1 pSGaN^;tf-rK^ 

7 2 pSA lo-i5Gao.85N^^»y 

73 p§!GaNn>^^h^ 

40 7 4 Ti-AlOnSttffi 

7 5 Ni-AuOpSUffi 
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